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Abstract

The lifetime of the B0
s
meson is measured using the semileptonic decay B0

s
! D�

s `
+�X .

The data sample consists of approximately 110 pb�1 of p�p collisions at
p
s = 1:8

TeV collected by the CDF detector at the Fermilab Tevatron collider. There are

254 � 21 D�

s `
+ signal events where the D�

s is reconstructed through its decay mode

D�

s ! ���, � ! K+K�. Using these events, the B0
s
meson lifetime is determined

to be �(B0
s
) = 1:37 +0:14

�0:12 (stat:)� 0:04 (syst:) ps. The B0
s
meson proper decay length

distribution has been examined for a lifetime di�erence between the two CP eigenstates

of the B0
s
meson, BH

s
and BL

s
.

1 Introduction

The lifetime di�erences between the bottom hadrons can probe the B-decay mechanisms

which are beyond the simple quark spectator model. In the case of charm mesons, such

di�erences have been observed to be quite large (� (D+)=� (D0) � 2:5). Among bottom

1Contributed paper to the XXVIII International Conference on High Energy Physics, July 25-31, 1996,

Warsaw, Poland.
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hadrons, the lifetime di�erences are expected to be smaller due to the heavier bottom quark

mass. Phenomenological models predict a ' 5% di�erence between the B+ and B0 meson

lifetimes and very similar B0 and B0
s
lifetimes [1]. This is consistent with the previous

measurements of B0=B+ meson lifetime, as well as recent B0
s
lifetime measurements [2].

The two mass eigenstates of the B0
s
meson, BH

s
and BL

s
(L = `light', H = `heavy') are

related to the avour eigenstates by

jBL
s
i = pjB0

s
i+ qjB0

s
i and jBH

s
i = pjB0

s
i � qjB0

s
i: (1)

We further de�ne

�m = mH �mL; �� = �H � �L; and � =
�H + �L

2
: (2)

where mL;H and �L;H denote the mass and decay width of BL
s
and BH

s
. In the CKM Model

the ratio �m=�� depends only on QCD corrections [3]. Thus a measurement of �� would

imply a determination of �m and a way to infer the mixing parameter xs of the B0
s
meson,

as well as a measurement of the ratio of CKM matrix elements jVtdj=jVtsj. Theoretical

predictions could expect a value for �� as large as 30% [4].

Since the decay B0
s
! D�

s
`+�X(2) is expected to be an equal mixture of BL

s
and BH

s
, one

way to measure �� is to describe the proper lifetime distribution from D�

s
`+ correlations

by a functional form of

e�(�+
��

2
)t + e�(��

��

2
)t: (3)

In this paper, we �rst present an updated measurement of the B0
s
lifetime using the

semileptonic decay B0
s
! D�

s
`+�X, where the D�

s
is identi�ed via D�

s
! ���; �! K+K�.

The data sample for this paper consists of approximately 110 pb�1 of pp collisions at
p
s=1.8

TeV collected by the CDF detector during the 1992-1995 run. We then examine the decay

time distribution for a lifetime di�erence between the BH
s
and BL

s
.

2Throughout the paper references to a speci�c charge state imply the charge-conjugate state as well.
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2 The CDF Detector

The CDF detector is described in detail elsewhere [5]. We describe here only the detector

features most relevant to this analysis. Two devices inside the 1.4 T solenoid are used for

the tracking of charged particles: the silicon vertex detector (SVX) and the central tracking

chamber (CTC). The SVX consists of four layers of silicon microstrip detectors and provides

spatial measurements in the r-' plane. At CDF, ' is the azimuthal angle, � is the polar

angle measured from the proton direction, and r is the radius from the beam axis (z-axis).

CTC and SVX give a track impact parameter resolution of about (13 + 40=pT ) �m [6],

where pT is the transverse momentum of the track in GeV/c. The transverse pro�le of the

beam is circular and has an RMS of � 35 �m, while the longitudinal beam size is � 30

cm. The CTC is a cylindrical drift chamber containing 84 layers grouped into 8 alternating

superlayers of axial and stereo wires. It covers the pseudorapidity interval j�j < 1:1, where

� = � ln[tan(�=2)]. Outside the solenoid are electromagnetic (CEM) and hadronic (CHA)

calorimeters (j�j < 1:1) that employ a projective tower geometry. A layer of proportional wire

chambers (CES) is located near shower maximum in the CEM and provides a measurement

of electromagnetic shower pro�les in both the ' and z directions. Two muon subsystems

in the central region are used, the central muon chambers (CMU) and the central upgrade

muon chambers (CMP), with total coverage of 80% for j�j � 0:6. The CMP chambers are

located behind 8 interaction lengths of material.

3 Data Selection

Events containing semileptonic B0
s
decays were collected using inclusive electron and muon

triggers. The ET threshold for the principal single electron trigger was 8 GeV, where ET �
E sin � and E is the electromagnetic energy measured in the calorimeter. The single muon

trigger required a pT > 7:5 GeV/c track in the CTC with matched track segments in both

the CMU and CMP systems. O�ine identi�cation of an electron and muon is described in

references [7] and [8].
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The D�

s
! ��� reconstruction started with a search for � candidates. We �rst de�ned

a search cone around the lepton candidate with a radius �R =
q
(��)2 + (�')2 of 0.8.

Any two oppositely charged tracks with pT > 1:2 GeV/c within that cone were assigned

kaon masses and combined to form a � candidate. No kaon identi�cation was used in the �

selection. Each � candidate was required to have a mass within �10 MeV/c2 of the world

average �mass [9]. The � candidate was then combinedwith another track of pT > 0:8 GeV/c

inside the cone which had the opposite charge of the lepton (the `right-sign' combination).

This third track was assigned the pion mass. To ensure a good decay vertex measurement,

track quality cuts were imposed on the lepton and the three track candidates forming the D�

s

candidate. The K+, K�, and �� tracks were then re�t with a common vertex constraint.

The con�dence level of that �t was required to be greater than 1%. Since the � has spin 1

and both the D�

s and �� are spin 0, the helicity angle 	, which is the angle between the

K+ and D�

s
directions in the � rest frame exhibits a distribution dN=d(cos 	) � cos2	. A

cut j cos 	j > 0:4 was therefore applied to suppress the combinatorial background, which

we found to be at in cos 	 distribution. The mass of the D�

s
`+ system was required to be

between 3.0 and 5.7 GeV/c2 in order to be consistent with coming from a B0
s
decay. We

also applied an isolation cut E iso
T =pT (���) < 1:0 on the D�

s
candidate, where Eiso

T is a sum

of transverse energy within a cone of radius 0.4 in �-' space around the lepton candidate,

excluding the lepton energy. This cut eliminatedmany of the fakeD�

s combinations from high

track multiplicity jets. Furthermore, we required that the reconstructed D�

s
decay vertex be

positively displaced from the primary vertex along the direction of the D�

s
`+ momentum.

Finally, we required that the D�

s
candidates have a proper decay length of less than 0.1 cm.

This requirement removed those events with very long-lived D�

s
candidates, where the long

extrapolation back to the B0
s
decay vertex resulted in a poor vertex measurement. Figure 1

shows the ��� invariant mass distribution for the `right-sign' D�

s
`+ combinations. A D�

s

signal with mean of 1:967 GeV/c2 and width of 9:2 MeV/c2 is observed. Evidence of the

Cabibbo suppressed D� ! ��� decay is also present. The shaded distribution shows the

'wrong-sign' combinations, and no enhancement is seen.
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We select a signal sample using a D�

s
mass window of 1.946 to 1.988 GeV/c2. A total of

395 events are found with a background fraction fbg of 0:36 � 0:05. The number of D�

s
`+

events above background in the sample is 254 � 21.

4 B0
s
Lifetime Analysis

There are two possible sources of non-strange B meson decays which can lead to right-sign

D�

s
`+ combinations. The �rst process is B

0
=B� ! D�

s
DX;D ! `+�X, where D is any

charmed meson. This decay produces softer and less isolated leptons than that from B0
s

semileptonic decay and therefore the acceptance for this source relative to the signal is quite

small (< 1%). Using the BR(B ! DsX) [9] and the semileptonic branching ratios of D0

and D+ [9], we estimate the fraction of this type of background is less than 1%. The second

process is a four body decay B0=B+ ! D�

s
K`+�, where K denotes any type of strange

meson. Because of the low probability of producing ss pairs and the limited phase space, this

process is suppressed and has not been observed experimentally [10]. Based on the theoretical

limit BR(B0=B+ ! D�

s
K`+�) � 0:025 � BR(B0 ! `+�X) [11] and detection e�ciency, we

expect less than 2.6% of our D�

s `
+ combinations from this source. We have also considered

the background from B0
s
! D�

s
D+

s
decays, with one Ds decaying semi-leptonically. Monte

Carlo studies predict the background fraction from this source to be < 1%. In summary, the

contribution of all above physics backgrounds is quite small compared to the combinatorial

background. We account for contributions from B
0
=B� ! D�

s
DX and B0

s
! D�

s
D+

s
decays

in our lifetime �t, and treat the contribution of B0=B+ ! D�

s
K`+� decays as a source of

systematic uncertainty for the B0
s
lifetime measurement.

The secondary vertex where the B0
s
decays to a lepton and a D�

s (referred to as VBs) is

obtained by intersecting the trajectory of the lepton track with the ight path of theD�

s
can-

didate. The transverse decay length Lxy is de�ned as the displacement in the transverse plane

of VB
s
from the primary vertex. The e�ect of the unknownB0

s
relativistic boost is partially re-

moved event-by-event with the factor pT (D
�

s
`+)=M(B0

s
) (whereM(B0

s
) = 5:37 GeV/c2) and
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leads to a corrected decay length � = LxyM(B0
s
)=pT (D

�

s
`+) which is referred to as the `proper

decay length'. A residual correction between pT (D
�

s
`+) and pT (B0

s
) is done statistically by

convoluting a Monte Carlo distribution of the pT correction factor K= pT (D
�

s
`+)=pT (B0

s
)

with an exponential decay distribution in the lifetime �t. The K distribution has an average

value of 0.86 and an RMS of 0.10 and is approximately constant as a function of pT (D
�

s `
+).

To model the proper decay length distribution of the background events contained in the

signal sample, we de�ne a background sample which consists of the right-sign events from

the D�

s
sidebands (1.885-1.933 and 2.001-2.050 GeV/c2) and the wrong-sign events from the

interval 1.885-2.050 GeV/c2.

The proper decay length distribution (Figure 2) is �t using an unbinned maximum log-

likelihood method. Both the B0
s
lifetime and the background shape are determined in a

simultaneous �t using the signal and background samples. Thus the likelihood function L
is a combination of two parts: L =

QNS
i [(1 � fbg)F i

Sig + fbgF i
bg] �

QNB
j F j

bg, where NS and

NB are the number of events in the signal and background samples. The signal probability

function FSig consists of a normalized decay exponential function (de�ned for only positive

decay lengths and symbolized by E+) convoluted with the K distribution and a Gaussian

resolution function G: F i
Sig(c�; s) = E+(�Kx; c� ) 
 Kdist 
 G(�i � x; s�i), where �i is the

measured proper decay length with uncertainty �i (typically � 100�m) and x is the true

proper decay length. The scale factor s accounts for the underestimation of the decay length

error. The background is parameterized by a Gaussian centered at zero, and separate positive

and negative exponential tails. The best �t values of c� and s are found to be 412 + 42
� 37 �m

and 1:33 � 0:06 respectively. Figure 2a) shows the proper decay length distribution of the

signal sample with the result of the �t superimposed. The shaded curve shows the sum of the

background probability function over the events in the signal sample. The same distribution

of the background sample is shown in Figure 2b) with the result of the �t superimposed.

As a consistency check, we also �t the D�

s lifetime from the proper decay length measured

from the tertiary vertex VDs
to the secondary vertex VBs . Since the D�

s
decay is fully

reconstructed, its relativistic boost is known and a convolution with a pT correction factor
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distribution in the �t does not apply. The result is c� (D�

s
) = 134 +18

�15 �m; which is consistent

with the world average value [9]. Figures 3a) and 3b) show the D�

s
proper decay length

distributions for the signal and background samples, respectively, with the results of the �t

superimposed.

Table 1 lists all sources of systematic uncertainty considered in this analysis. The major

contribution comes from the background shape. To model the contribution to the signal from

the combinatorial backgrounds, we combined the events from both right-sign and wrong-sign

sideband regions. We �nd a � 11 �m variation in the lifetime when using each sideband

region individually.

Quoting the statistical and systematic uncertainties separately, we measure the B0
s
life-

time using semileptonic decays to be � (B0
s
) = 1:37 +0:14

�0:12 (stat:) �0:04 (syst:) ps: This result

is consistent with the world average of 1:55 +0:11
�0:10 ps [2].

In an attempt to �t the B0
s
proper decay length distribution for two lifetime components,

we try to �t our signal to a function of the form e�(c�+�c�=2)�1 + e�(c���c�=2)�1 where c� is

�xed to the value found in �tting the sample for a single lifetime. We �nd �c� = 205 +127
�205 �m

and conclude that we have no sensitivity to determine a lifetime di�erence with the statistics

of our current data sample.

5 Conclusion

In conclusion, we have presented an updated measurement of the B0
s
lifetime using semilep-

tonic decays. This measurement is consistent with the previous CDF measurement and with

the curent world average. We have searched for a lifetime di�erence between the two CP

eigenstates of the B0
s
but �nd no sensitivity with the statistics of the current sample.
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Table 1: Semileptonic mode systematic uncertainties.

Error Source �c�(B
0
s
) (�m)

Background Shape �11
Selection Bias �4
Trigger Turn-on �3
Error Scale �4

Physics Backgrounds �3
Total �13
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Figure 1: Invariant mass distribution of D�

s
! ��� for right-sign D�

s
`+ combinations with

the results of the �t superimposed. The shaded histogram shows the wrong-sign distribution.
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Figure 2: (a) Proper decay length distribution c� �(B0
s
) for the D�

s
`+ signal sample with

the result of the �t superimposed. The shaded curve represents the contribution from the

combinatorial background. (b) Proper decay length distribution c� �(B0
s
) for the background

sample with the �t result superimposed.
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the �t superimposed. The shaded curve represents the contribution from the combinatorial

background. (b) Proper decay length distribution c� for the background sample with the �t

result superimposed.
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